Abstract. Clark's nutcrackers, Nucifraga columbiana, rely upon cached seeds for both winter survival and breeding. Laboratory studies have confirmed that nutcrackers use spatial memory to recover their caches. In the laboratory, however, nutcrackers seem to perform less accurately than they do in nature. Two lines of evidence indicate that nutcrackers make 'errors' in the laboratory that are not due to failures of memory. First, when digging in sand-filled cups, nutcrackers were 89% accurate when they plunged their bills directly into the middle of cups but only 21% accurate when they swept their bills across the cups. Second, nutcrackers were more accurate when the cost of probing was increased by covering sand-filled cups with either petri dishes or heavy glass bowls. Birds recovered caches in order of increasing costs. As costs increased, nutcrackers made somewhat fewer errors nearer to cache sites before recovering the caches and dramatically fewer errors further away from cache sites or near cache sites after recovering the caches.
Abstract. Clark's nutcrackers, Nucifraga columbiana, rely upon cached seeds for both winter survival and breeding. Laboratory studies have confirmed that nutcrackers use spatial memory to recover their caches. In the laboratory, however, nutcrackers seem to perform less accurately than they do in nature. Two lines of evidence indicate that nutcrackers make 'errors' in the laboratory that are not due to failures of memory. First, when digging in sand-filled cups, nutcrackers were 89% accurate when they plunged their bills directly into the middle of cups but only 21% accurate when they swept their bills across the cups. Second, nutcrackers were more accurate when the cost of probing was increased by covering sand-filled cups with either petri dishes or heavy glass bowls. Birds recovered caches in order of increasing costs. As costs increased, nutcrackers made somewhat fewer errors nearer to cache sites before recovering the caches and dramatically fewer errors further away from cache sites or near cache sites after recovering the caches. Some errors may be a form of environmental sampling. We conclude that the impressive achievements documented by previous studies are underestimates of the spatial memory abilities of Clark's nutcrackers. 1997 The Association for the Study of Animal Behaviour Clark's nutcrackers, Nucifraga columbiana, are moderate-sized (130-140 g) members of the family Corvidae that reside in montane areas in western North America. Each autumn, a Clark's nutcracker will cache pine seeds in thousands of locations. Its subsequent winter survival and breeding success, that is, its fitness, depends upon its ability to recover these caches (Vander Wall & Balda 1981) . Field studies using conservative methods have estimated that nutcrackers are 67% accurate in the spring (Tomback 1980) and 32-44% accurate in the summer when recovering caches made the previous autumn (Tomback 1980; Vander Wall & Hutchins 1983) . These feats strongly suggest that Clark's nutcrackers have highly accurate spatial memory capacities of long duration. However, the very scale of the natural phenomenon makes it difficult to study in the field.
The mechanisms enabling cache-recovery behaviour have been extensively tested in the laboratory using captive birds caching in sandfilled cups under controlled conditions. Various experiments have eliminated the possibilities that nutcrackers rely upon site preferences, mnemonics or fixed routes to relocate their caches accurately and have generally confimed that these seedcaching corvids have highly developed spatial memory abilities (Kamil & Balda 1990b; Kamil et al. 1993) . For example, in one experiment, Clark's nutcrackers not only recovered caches accurately after 285 days, but were also almost as accurate after 285 days as they had been when recovering 10 days after caching (Balda & Kamil 1992) .
Although the laboratory program has generally been successful, the accuracy of Clark's nutcrackers in captivity has often been lower than accuracy estimated for nutcrackers in the field (see Kamil & Balda 1990b; Balda & Kamil 1992) . Although laboratory environments do not provide the full range of cues that nutcrackers could use in nature, this difference probably does not account for the apparently reduced accuracy in captivity. Various aspects of the behaviour of nutcrackers in the laboratory have long suggested that nutcrackers make errors that are not due to failures of memory (Kamil & Balda 1990b) . Several
